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I. INTRODUCTION
Increased sophistication of financial intermediation can change the nature of macrofinancial linkages, often with considerable policy implications. The influence of monetary policy on interest rates and the real economy depends critically on the structure of the financial system and the maturity of capital markets. In particular, asset securitization can affect or permanently alter the transmission mechanism of monetary policy that ultimately permeates to the real economy by influencing consumption and investment decisions.
Financial innovation, specifically through securitization, provides an essential impetus for a more efficient allocation of capital. For instance, asset securitization has evolved into a widely-used capital market-based funding mechanism in many developed countries to mitigate balance sheet mismatches, remedy financing constraints, and optimize funding costs. Securitization offers issuers more flexibility to create securities with distinct risk-return profiles across the maturity structure to facilitate the unbundling, transformation and diversification of financial risks associated with different (and mostly illiquid) asset types. 2 This customization of risks according to the preferences and tolerances of agents improves the capacity of the financial system to bear risk and intermediate capital (Jobst, 2007 and 2008) . In emerging market countries, securitization can also support local capital market development, facilitate investments in largely unexplored areas of economic activity, and expand the spectrum of financing options to finance housing and consumer deficits.
That said, financial innovation is not without inherent risks, and recent events suggest some reservations about the positive assessment of securitization. The evolution of structured finance illustrates that the risks from financial innovation have the potential to transpire in greater and more harmful ways than many other sources of risk from conventional finance instruments. Different forms of financial innovation, such as asset securitization, are bound to challenge the existing market order and, thus, if proven sustainable, have the potential to permanently alter the transmission mechanism of monetary policy and the way they affect the real economy by influencing consumption and investment decisions. The ongoing market turbulence in the wake of the recent U.S. sub-prime mortgage crisis (and attendant dislocations in money markets in tandem with the failure of major brokerage firms and commercial banks with excessive bad debt write-offs) highlights how securitization mechanisms--together with poor credit origination standards, lack of regulatory foresight and lax supervision--can perpetuate market disruptions, with potentially adverse consequences for employment, growth, and welfare. These dislocations are created when regulation and transparency lag behind, while the originators incentives to ensure minimum standards are compromised.
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The current regulatory debate centers on considerable skepticism about the incentive structure of securitization, which might have encouraged issuers to cutback on screening and monitoring borrowers, resulting possibly in a systematic deterioration of lending and collateral standards. The fallout from the U.S. sub-prime market crisis fueled mounting regulatory unease about current risk measurement standards of structured finance products. 4 While securitization has greatly enhanced the secondary mortgage market in many countries, giving originators greater balance sheet flexibility (The Economist, 2008) , the ability to securitize mortgages has also affected lender behavior, with lending standards experiencing greater declines in areas with higher mortgage securitization rates (Dell'Ariccia, 2008) . However, recent studies also find that financial innovation has contributed to rising default rates and increased credit supply fuelled by poor screening of mortgage lenders intent on selling on loans in structured finance transactions (Mian and Sufi, 2008; Keys et al., 2008) .
Besides financial stability, a key concern for policymakers is that structured finance has complicated monetary policy. As financial intermediation becomes more competitive as a result of greater capital market sophistication (particularly in EM countries), the macrofinancial linkages are also likely to change, often with considerable implications for the execution of monetary policy. Given the greater complexity of financial products, the diversity of financial institutions, and the growing interdependence of financial markets, policy makers are indeed challenged in deciphering the implications of the highly sophisticated new derivative and structured financial products. In particular, they are now beginning to worry about how asset shocks in the structured finance market propagate across the financial system and how possible knock-on effects on bank balance sheets might affect the execution of monetary policy. As indicated by Jan Marc Berk of the Dutch central bank, "financial innovation has increased the supply of substitute sources of financing, providing more hedging opportunities, and reducing the impact of changes in policy interest rates (IMF, 2008) ." In fact, the availability of alternative funding sources through financial innovation has helped substitute capital market finance for traditional bank deposits, which has changed the traditional capital structure of banks to a point where the "originate-todistribute" banking model encouraged a disproportionate expansion of total assets. 5 This situation suggest greater resilience of credit supply to changes in monetary policy in an environment of cheap credit and excess liquidity at higher leverage.
In this paper, we examine how securitization-as an essential element of structural change in the financial sector over the last 25 years-has affected macro-financial linkages, notably in the transmission of monetary policy through both the interest rate and the credit channel. 6 Proponents of the latter claim that the traditional (interest rate) channel of monetary transmission alone cannot explain the magnitude, timing, and compositional effects of monetary policy actions on the real economy (see Figure 1 ). Instead, credit market frictions, such as the enhanced role of capital market finance relative to the significance of the banking sector in a financial system engender a "financial accelerator" mechanism (Bernanke and Gertler, 1995) that increases the impact of monetary policy on market rates while expanding the amount of loanable funds to banks (due to higher balance sheet leverage) to satisfy money demand. Without securitization, banks would lack adequate substitutes on both the asset and liability side of their balance sheets to avert the contraction of loan supply in response to monetary tightening. 7 However, faced with a more restrictive monetary policy, banks can sell assets through securitization (as off-balance sheet operation) to fund new lending. While securitization together with the emergence of "near-banks" and the shortening of the term of market liabilities does not appear to undermine monetary policy transmission a priori, it attributes greater importance to alternative funding channels, which debilitate the timeliness of output response to changes in monetary policy as financial institutions can lend more by increasing quantities rather than raising interest rates. 8 5 For instance, as a result, the five largest U.S. commercial and investment banks experienced a doubling in total assets to 80 percent of GDP in 2007, while banks in Europe reported asset ratios of 150 percent and higher. 6 In its basic concept the credit channel of monetary policy transmission functions via the lending by banks of proceeds from open market operations of the central bank to borrowers, whose purchase of goods and services generates proceeds sellers deposit with their own banks (which starts a new cycle of the credit channel). 7 Conversely, credit rationing in response to the reintermediation of credit following the U.S. sub-prime mortgage crisis in 2007 demonstrated that as much as securitization (and other forms of capital market-based finance) has helped strengthen the resilience of credit supply to higher policy rates, it has also limited the ability of monetary policy to resolve liquidity problems. 8 This study does not address the impact of the current credit crisis on bank funding markets as a conduit for monetary policy. Empirical work by the IMF (2008) demonstrates that the transmission of policy rate changes from policy rates to lender financing markets (i.e., the "early linkage" step of transmission channel) has been severely disrupted, particularly in the United States, while borrower financing rates have thus far been less affected. Thus, the impaired interest rate pass-through at early stages of the transmission means that changes in the policy interest rate are less likely to be effectively passed on to the middle and final stages. Amid higher (continued) More specifically, we test two basic hypotheses in this context:
• Securitization can enhance the transmission channel of monetary policy to short-term interest rates ("early and middle linkage") (see Figure 1 ). Since the financing cost for securitized assets is likely to be more closely aligned with market interest rates than the capital cost of bank lending 9 , developing a liquid and tradable MBS market can potentially strengthen the link between the policy rate and market interest rates.
• Securitization can affect (quantity measures of) monetary policy transmission ("final linkage") by weakening the impact of interest rate changes on aggregate demand through the credit channel. Securitization breaks the balance sheet link between the banks' deposit base and lending activities by creating an additional window of funding (without increasing the balance sheet of lenders). If banks are able to resort to such alternative forms of external finance, securitization can weaken the transmission effect via the bank balance sheet, increase the resilience of banks to interest rate shocks, and lending standards and slower credit growth unimpeded transmission of policy rates to borrower rates, however, suggests that banks are tightening credit by cutting back loan origination (rather than raising interest rates) as alternative funding sources are no longer readily available.
eventually lead to a lower interest rate elasticity of real output. This effect is likely to be more pronounced in countries which have a bank-dominated financial sector (and rapidly expanding securitized issuance).
In this paper, we first analyze the influence of securitization on monetary policy in an economy with sophisticated financial markets and then apply a more tailored methodology to examine similar dynamics in the EM context. We focus on the U.S. mortgage market, where macro-financial linkages from securitization are generally better understood. Given the sophistication, depth, and liquidity of the U.S. securitization market (at least until mid-2007 before the start of the subprime mortgage crisis), we examine the market for residential mortgage-backed securities (RMBS) in order to understand the macro-financial implications associated with the rapid growth of securitization, and their significance for the execution of monetary policy. We conduct similar analysis in EM, although it was constrained by the scarcity of historical information and data availability (Jobst, 2006) .
Previous research suggests that market rates respond more significantly to policy rates in the presence of securitization. Sellon (2000) finds that securitization affects the interest rate channel of monetary policy by causing market rates (e.g., mortgage rates) to respond more to the policy rate than without securitization. However, this effect might hold true only for mature economies with fully developed financial systems. Empirical evidence of such dynamics is still hard to discern from EM countries, given the limited history of securitization.
Other studies show that securitization dampens the impact of monetary policy on aggregate demand due to the availability of alternative funding sources. The level of securitization can have a significant impact on the degree to which a given change in monetary policy effects changes of aggregate demand and real output (Kuttner and Mosser, 2002) . Since the bank balance sheet determines how monetary policy changes the demand or supply of credit (i.e., the way the policy rate is set to determine the marketclearing demand for funds), the credit channel is likely to be an important conduit of transmission. 10 In particular, monetary contraction reduces money supply and reservable deposits available for banks. At the same time, a downward sloping money demand curve implies that higher interest rates dampen interest-sensitive investment and expenditure (Rosenberg, 2005) . The broader balance sheet channel reduces cash flows of firms (or leads to the decline of asset values/collateral), which, in turn, increases the external finance premium and the associated cost of capital (Levin et al., 2004) . Declining liabilities force banks to shrink their asset base by curtailing lending (via an adjustment of prices, loan volumes, or both). However, securitization helps banks undo this effect of tightening monetary policy by providing them access to alternative sources of funds that substitute traditional funding sources (e.g., deposit-taking)-and decreases the marketclearing rate of money demand. 11 Financial market deepening tends to increase the use of securitization as the availability of reference assets and investment instruments increases in response to greater capital market maturity and lower transaction costs (ADB, 2007) . Amid greater pervasiveness of securitization, liability constraints are probably less binding on bank balance sheets and asset growth, resulting in greater efficiency of loan origination.
We find that securitization activity does indeed lower the interest rate elasticity of real output. 12 In both cases, the United States and South Africa, controlling for the relative share of securitized mortgages alters the traditionally negative relation between output gap and real interest rates. Muted interest rate sensitivity implies a weaker effect of higher interest rates on money demand and/or greater availability of credit at the given policy rate (while controlling for increasingly forward-looking monetary policy might preserve a negative impact of monetary policy shocks). 13 In the United States, the negative effect of securitization on interest rate elasticity of output is unaffected by the general expansion of alternative sources of finance, which is a measure of financial sector deepening. While securitization dampens interest elasticity of real output, it also cushions the immediate impact of a positive interest rate shock to the bank's balance sheet, as the substitutability of funding sources makes banks less likely to curtail lending in response to tightening monetary policy, particularly in EM markets like South Africa.
Securitization, however, increases the interest rate pass-through, indicating that the credit channel (and its effect on money demand) may more than offset the interest rate channel. Rising securitization in the United States has facilitated the transmission from monetary policy to market interest rates over time. This, however, is not inconsistent with a more muted interest rate elasticity of output, as the presence of securitization enhances the role of the credit channel (through the bank balance sheet). Rising securitized issuance allows banks expand credit supply by adjusting quantities rather than prices (assuming that the impact of monetary policy shocks has remained unchanged), leaving monetary transmission via the interest rate channel largely unaffected. Our analysis of securitization in the bankdominated financial system of South Africa demonstrates this point. While securitization dampens interest elasticity of real output, it also cushions the immediate impact of a positive interest rate shock to the bank's balance sheet and marginal loan origination. The substitutability of funding sources makes banks less likely to curtail lending in response to tightening monetary policy and a change in prevailing interest rates.
While securitization might affect the way in which monetary policy influences changes in interest rates, there is no clear evidence that securitization actually increases credit supply. Investors of securitized assets could alternatively have invested in other assets, such as bank deposits or capital enabling the banks to originate the same volume of loans in the traditional manner. In such a case, securitization would seem to involve the displacement of other forms of credit extension rather than an increase in the outright volume of credit.
14 The paper is structured as follows. First, we provide evidence of the macro-financial linkages in the U.S. mortgage market by investigating the interest rate elasticity of output gap and the transmission channel of monetary policy based on different OLS-AR and VAR specifications in keeping with the existing literature. In the second part of the paper, we apply our approach to the financial sector in South Africa in order to assess whether our findings for the U.S. mortgage market apply to an advanced emerging market country with rapidly developing securitization activity. We then present our estimation results and discuss our findings. The fourth section provides an initial assessment of policy implications and concludes the paper.
II. EMPIRICAL ANALYSIS
We analyze the secondary mortgage market in the United States in order to understand the macro-financial linkages of securitization in a well functioning financial system, which could provide meaningful lessons for the effects of securitization in EM. 15 More specifically, we examine whether securitization (i) alleviates liability constraints of banks in times of monetary contraction ("credit supply effect") and/or (ii) helps maintain money demand at a certain policy rate by limiting credit rationing ("credit demand effect") (while allowing banks increase their balance sheet leverage).
After exploring the influence of securitization on the interest rate elasticity of GDP and the monetary transmission channel of interest rates in the United States (i.e., the interest rate pass-through from policy rates to market rates), we adapt our approach to the bank-dominated secondary mortgage market in South Africa, where securitization has morphed into the most vibrant capital market segment over a period of little more than five years. Although South Africa has not escaped the economic fallout from the U.S. sub-prime mortgage crisis, it still hosts one of the most active securitization markets in EM after having exceeded an annual issuance volume of US$4 billion in 2006 (see Box 1) . Nonetheless, still only a fraction of mortgages (about three percent) are securitized in South Africa, whilst more than 60 percent of the mortgage market is refinanced via structured finance transactions of private sector banks, financing houses or government programs and agencies (see Figures 2 and 3) . A. Macro-Financial Linkages in Mature Economies--Evidence from the U.S.
Secondary Mortgage Market
The interaction between the housing sector financing and monetary policy has changed following deregulation, which prompted greater competitiveness in the U.S. mortgage market. 16 In a bank-based financial system, credit supply and its effect on housing are largely driven by monetary policy. In general, lower money supply reduces deposit flows to banks (and other savings institutions), causing less mortgage lending due to limited funds and cutbacks in residential investment, home purchases, and housing starts. While housing credit activity is normally an early indicator of the influence of monetary policy on the economy, it has gradually lost much of its former significance as a result of the full integration of the primary mortgage market with the capital market (Kahn, 1989) , creating more diversified sources of funding of mortgage loans, such as securitization. The supply of mortgage credit is no longer subject to sharp swings in availability of thrifts to secure deposits. Instead, mortgage credit is generally available at a going interest rate that is less affected by the transmission channel of monetary policy. 17 This has lowered the chance that tightening monetary policy leads to non-price rationing of mortgage credit (McCarthy and Peach, 2000) . Conversely, banks would adjust quantities (rather than prices) if securitization (or similar technologies) did not exist in times of contractionary monetary policy.
The growing use of mortgage securitization seems to have reduced the efficacy of U.S. monetary policy on the real economy but increased the interest rate pass-through (by creating higher liquidity and credit volume). 18 Previous research shows that the reaction of mortgage rates to changes in the U.S. Federal Funds rate has strengthened, while the interest elasticity of GDP growth has become close to zero, suggesting that the efficacy of monetary policy may not be working through the interest rate channel but through the credit channel of a wider range of providers of mortgage loans (Estrella, 2001 and 2002) . Interest channelbased funding of bank loans appears to have become less important as a determinant of GDP growth in light of increasing mortgage securitization (in lieu of deposits) as an alternative source of funds (Mayer, 2007) , whose off-balance sheet transfer of credit risk fosters loan origination while leaving capital coverage unchanged. At the same time, more forwardlooking and endogenous (rather than proactive) U.S. monetary policy might explain a muted response of output to monetary policy shocks under conventional identification methods of transmission mechanisms, which do not take into account these considerations. Other studies have found that there has been an increased response of consumer and mortgage loans to interest rate changes (Sellon, 2000) . Kolari et al. (1998) find that mortgage interest rates have indeed declined with the growth of securitization in the mortgage markets. In other words, there may well be a need to undertake a larger monetary policy move to achieve its same intended objective in terms of output.
In this section, we examine the impact of securitization on both (i) the interest rate elasticity of real output and (ii) the dispersion of mortgage interest rates (i.e, interest rate pass-through) in order to gauge the efficacy of the monetary policy in the United States. Curiously, Bernanke and Gertler (1995) find that the potential effect of securitization on monetary policy transmission might be largest when the development of local capital market attributes less economic significance to the conventional credit channel via the banking system. In our study, we introduce a richer model specification that allows us to disentangle the influence of financial deepening (i.e., bond and equity market size and bank credit relative to GDP) from securitization per se, which tends to increase as capital markets develop. We also acknowledge rising financial disintermediation of mortgage loans in the U.S. financial system. However, this study largely focuses on the GSE issued MBS market and does not take into account the private label securitization market.
Monetary transmission in the presence of Securitization (OLS and VAR estimation)
We present two modeling approaches (OLS and VAR) to test the hypothesis that more pervasive securitization may limit the efficacy of monetary policy to change real economic variables as banks can substitute traditional liabilities to finance credit supply, with money demand more likely to be met at a given policy or target rate set my monetary authorities.
Our OLS-AR(2) model is based on the original dynamic IS curve by Rudebusch and Svensson (1999) as well as Johansen and Juselius (1994) , which specify the marginal (contractionary) influence of the real interest rate on the output gap as
where
and ( )
with quarterly output gap t y lagged by one (t-1) and two quarters (t-2), the four-quarter average of the current and lagged effective Federal Funds rate 1 t i − (based on monthly weighted average), the average inflation 1 t π − over the same four quarters, and nonautoregressive i.i.d. residuals t ε , so that the long-term mean of the output gap is defined as
Estrella (2002) 20 (6) In extending equations (5) and (6) above to equations (7) and (8) below, we follow Roldos (2006) and introduce the financing ratio t F , which reflects the changing level of direct financing (i.e., equity, bonds, commercial paper or other capital-market based sources of external funding, with securitized issuance excluded) relative to indirect (or intermediated) financing (i.e., bank loans to the non-financial private sector, with household loans excluded) over the chosen sample period. By controlling for t F , we allow interest elasticity and its interaction effect with the prevalence of securitization to vary with the degree of financial sector sophistication. In this way, we present a more refined approach to examine the influence of financial market deepening (i.e. bond and equity market size and bank credit relative to GDP) on the use of securitization, which tends to increase as capital markets
develop. In addition, we include credit growth
as the logarithmic difference between private sector credit κ to GDP over two subsequent periods in order to control for the relative importance of the credit channel to growth of aggregate demand.
Inference procedures of standard parametric models, such as OLS, assume nonintegration and level stationarity of endogenous variables. Thus, we first analyze the stochastic properties of each variable in our sample in order to ascertain mean reversion by ruling out stochastic behavior (with a constant forecast value and time-varying auto covariance). Based on the classical Augmented Dickey-Fuller (ADF) (Dickey and Fuller, 1979 and 1981) and Phillips-Perron (PP) (1988) unit root tests, we find that the output gap, the real interest rate (over an extended sample time period), and credit growth are all I(0) level stationary. Since the securitization ratio t S is I(1) integrated, we introduce a time trend t in order to control for the linear effect of continuously increasing securitization on the relation between changes in output gap and monetary policy. Thus, based on equation (1), we estimate the following model (and subsets thereof): 6  3  5  3  4  3  3  3  2  3  1  3  3 , , , , , ,
( 8) with the financing ratio t F and the logarithmic difference of relative credit growth t K as control variables and a simple lag structure without gaps at a maximal order of p=2 in order to sufficiently accommodate delayed demand effects to interest rate changes.
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As an alternative model of investigating interest elasticity, we adopt an unrestricted VAR framework to study the response of output to monetary policy shocks-with and without controlling for securitization and financial sector depth as instrumental variables (Hamilton, 1994; Davidson and MacKinnon, 1993) . As an useful alternative to structural modeling procedures, the linear simultaneous equation system of VAR measures the dynamic impact of random disturbances on contemporaneous changes of both output gap and interest rates as stationary endogenous variables, without imposing a cointegration restriction on their long-term intertemporal relation.
We model the five-dimensional VAR specification of vector
of quarterly output gap
, the securitization ratio
, the financing
, and their interactive term with the real interest rate at first differences at time t as 
with C as a (2x1) vector of constants 1 c and 2 c , t Φ as (5x5) parameter coefficient vector matrix of jointly dependent past t X values (compounded by lag structure p=2 number of lags), and t Ε as (5x1) vector
Σ with variance-covariance matrix Σ . 22 The assumption of not serially 21 The choice of the maximum lag order p (and the specification of the lag structure in general) reflects a tradeoff between over-parameterization (and the corresponding loss of degrees of freedom) and over-simplification. Since the lag order should capture the overall information processing and aggregation time in each market, we rely mainly on individual partial autocorrelation in our sample to inform the optimal lag structure (Taylor and Peel, 2000; Lütkepohl, 1991) . After the specification of the lag order (not before), the residuals are found to be neither heteroskedastic nor autocorrelated, which ensures efficient statistical inference with appropriate error terms of the regression coefficients. Otherwise, a weighted regression estimation would be warranted. 22 The estimation is done in first differences as the securitization variable is I(1). Furthermore, errors are uncorrelated with their own lagged values and all endogenous variables, but may be contemporaneously correlated with each other.
correlated residuals is not restrictive, since any residual serial correlation could be easily absorbed by a higher polynomial lag as long as normality holds. However, in this case statistical inference would be inefficient and would warrant regression weights to inform a correct estimation of statistical errors.
We focus primarily on the output gap equation and its impulse-response function in order to measure the interest rate elasticity of output and its sensitivity to interest rate shocks. The VAR specification defines the contemporaneous average quarterly change of the output gap as dependent on its previous changes and past changes of the average real interest rate. The model is estimated both statically for non-overlapping sample periods and dynamically (reverse recursive and ten-year rolling window with quarterly updates) based on a heteroskedasticity consistent coefficient covariance (White, 1980) . There is a particular focus on the evolution of the coefficient of the real interest rate at one lag, which can reasonably be interpreted as the "short-term elasticity" of real activity to changes in the policy rate. Any innovations of the policy rate in the variance-covariance matrix show how monetary policy shocks impact on output.
Interest rate pass-through (OLS estimation)
We also apply a modified form of our original OLS specification above to test the hypothesis that securitization enhances the interest rate pass-through of monetary policy on the level of market rates, such as mortgage interest rates. In the case of the United States, we define the interest rate pass-through as 
based on the structural identification of the policy rate affecting market rates (and not viceversa) , where t m is the end-of-quarter 30-year mortgage rate, − t j i is the four-quarter average of current and lagged effective Federal Funds rates (with and without "securitization control"), π − t j is the average inflation over the same four quarters, and non-autoregressive i.i.d. residuals t ε , in order to examine adjustments in mortgage rates in response to changes of policy rates for a simple lag structure p=2. The specification of equation (10) seems robust to potential inefficiencies caused by multi-collinearity. We use the traditional linear approach of Granger causality testing (Granger, 1969) 23 to examine the joint short-term dynamics of 23 Granger causality finds a positive association between two scalar-valued, stationary and ergodic time series
if there is a significant reciprocal (autoregressive) influence of past information, i.e. the lagged polynomial of either variable, on the conditional probability distribution of the other.
exogenous factors. While the mortgage rate and the output gap could Granger cause each other, changes in inflation or the federal fund rate are independent of variations in mortgage rates.
Findings
We find that securitization activity dampens the interest rate elasticity of output.
Controlling for the relative share of securitized mortgages alters the traditionally negative relation between output gap and real interest rates. 24 Our OLS estimation results indicate that the interaction term of the securitization ratio and the real interest rate has a positive coefficient and remains statistically significant even after we control for the time trend of both the securitization ratio and the real interest rate (see Table 1 ). This observation vindicates the results from an earlier study by Estrella (2002) who finds that securitization tempers the sensitivity of output to monetary policy. 25 Also our VAR estimation results (see Table 2 ) are consistent with this finding, confirming that increasing securitization repeal the negative feedback effect of monetary policy on investment.
Financial deepening has spurred increased securitization activity but has not significantly affected the direct capacity of securitization to dampen interest rate elasticity. Although securitization activity seems to increase with greater availability of alternative sources of finance (indicated by a higher financing ratio as a measure of financial sector development) amid persistent credit growth, greater financial deepening has not amplified the impact of securitization on the efficacy of monetary policy. In fact, greater market-based financing has slightly reduced the marginal effect of securitization on interest rate elasticity of output. The economic and statistical significance of the interaction term between the securitization ratio and the real interest rate decreases after we control for the financing ratio (see Tables 1-2) . 26 Since the financing ratio does not include securitized issuance in its numerator, we implicitly control for the positive relation between financial deepening and the incidence of securitization in order to disentangle the contemporaneous effect of both factors on interest rate elasticity. Thus, lower interest rate elasticity of output seems to largely be attributable to securitization, which offers an important and unique 24 The Taylor Rule also indicates a positive relation between real interest rates and output gap. Our model does not account for this assumptions as the causality appears doubtful in our specification. 25 Controlling for a non-linear increase in securitization ratio over the sample period through exponential transformation ( ( ) 3,2 exp β t S ) increases both economic and statistical significance of our results but makes the interpretation of our estimation results more difficult.
channel of diversified funding that helps maintain steady credit supply. Credit growth, in turn, is not a cause of muted interest elasticity but appears to result from broader and deeper capital markets that foster an environment of increasing disintermediation amenable to securitization.
The diversified supply of external finance in the United States has fostered the surge of securitization without directly affecting the efficacy of monetary policy. Financial sector deepening in the United States demonstrates how a large variety of alternative funding channels has raised disintermediation to a point where securitization at the margin influences the efficacy of monetary policy materially. Pervasive securitized issuance by non-deposit taking financial institutions has long helped disintermediate large parts of the U.S. banking sector. While other forms of external finance are highly developed, they do not seem to significantly weaken the response of output to changes in monetary policy.
The dynamic estimation of our VAR model and the associated impulse-response analysis show that the influence of securitization on the efficacy of monetary policy has increased and seems to have an outsized impact relative to declining interest rate volatility over time. If we split the sample into two non-overlapping periods, we can distinguish between the long-term effect of securitization on interest rate elasticity at times when the financing ratio is low (from 1970 to 1990) and high (from 1991 to 2006) (see . While low levels of securitization have hardly affected interest rate elasticity before 1991, rising securitization has gradually dampened the general sensitivity of output to monetary policy ever since. Although interest rate volatility had decreased by almost 25 percent ("great moderation") between the two time periods, suggesting a structural decline in interest rate elasticity without any change in the sensitivity of real activity to changes in policy rates, we still find a significant impact of securitization. The increase of securitization activity has reduced the cumulative effect of interest rate shocks on output gap by more than 90 percent. Interest rate elasticity, on average, has remained unaffected by the greater availability of alternative forms of external finance other than securitization in the wake of increasing disintermediation and financial deepening.
However, the declining interest rate elasticity of real output should not be seen as evidence of impeded monetary transmission. In fact, the transmission from monetary policy to market interest rates is more effective in the presence of securitization despite. After having reached a critical mass, securitization facilitates the transmission of policy rates. Our OLS estimation results of the interest rate pass-through suggest that a higher share of securitized mortgages (which results in a higher securitization ratio) initially dulls the sensitivity of mortgage interest rates to changes of the policy rate (see Tables 3-4) . Since the 1990s, however, among other things, a sustained increase of securitized issuance seems to have reversed this relation and has enhanced the sensitivity of mortgage rates to changes in the Federal Funds rate under a more transparent monetary policy regime. The more efficient interest rate transmission is not inconsistent with the declining efficacy of monetary policy (i.e., lower interest rate elasticity of output), as the presence of securitization (and the availability of alternative means of banks to fund their lending) increases the liquidity of mortgage markets while enhancing the role of the credit channel by helping banks satisfy money demand at a certain policy rate without credit rationing during times of monetary contraction. That said, the relation between policy rates and mortgage rates can be more complex due to the existence of other factors omitted in this analysis, such as long-term inflation expectations and risk premia (e.g., repayment risk) embedded in mortgage rates.
B. Macro-financial Linkages in Emerging Economies--Evidence from the South African Mortgage Market
In this section, we examine whether the above findings about the U.S. mortgage market can be replicated in EM. We choose South Africa as one of the more advanced EM countries, where securitization activity has grown considerably over the last five years owing largely to financial innovation and increasing sophistication on the back of an adaptive regulatory stance aimed at facilitating local capital market development in a small open economy. Since 2001, when only R6.2 billion (US$750 million) of asset-backed securities (ABS) were issued, the securitization market has grown at an annual rate of more than 60 percent, culminating in record issuance of R31.7 billion (US$5.1 billion) in 2006 (see Figure 2 and Box 1). Although South Africa has not escaped the economic fallout from the U.S. sub-prime mortgage crisis, 27 it still hosts one of the most active securitization markets in EM, with total overall issuance of more than US$15 billion to date representing more than one third of total issuance in EMEA. That said, securitized issuance remains at a very low level relative to mortgage origination by mature market standards. In the first quarter of 2007, the RMBS market represented merely three percent of the total amount of outstanding mortgage loans, almost equivalent to the United States in 1972.
Box 1: Mortgage Securitization in South Africa
The South African securitization market has been maturing rapidly over the last five years. Prior to 2001, regulatory constraints restricted securitization activity to only a few transactions. On the heels of the first securitization regulations for conventional (true sale) structures and general capital market reforms, South Africa's first residential mortgage-backed securitization (RMBS) transaction, Thekwini I (Pty) Limited, was launched, followed shortly thereafter by the first asset-backed securitization (ABS) of car loans and lease receivables. Since then, South Africa has registered a phenomenal surge of securitization activity, having reached a total overall issuance of more than R83.2 billion (US$12.8 billion) before the global credit crisis, spurred by the adoption of a comprehensive securitization framework in 2004.
Asset securitization has emerged as a main funding option for commercial banks to redress growing monetary constraints and acquire diversified sources of liquidity. South African commercial banks have traditionally funded themselves on a short-term basis. However, over the recent two years, they have come under pressure from the Reserve Bank to improve their term financing as retail deposits have not kept up with surging credit growth of mortgage and consumer loans. Aside from senior debt, balance sheet securitization of residential mortgages (and more recently of retail credit) has become a key mechanism to fund South Africa's housing deficit. The bank-sponsored securitization of retail asset portfolios, in particular car loans and residential mortgages has been the main source of supply, with the biggest securitization asset classes mapping directly how the bank's major loan portfolio are comprised.
Residential mortgages are the dominant asset class of the domestic securitization market. After overcoming initial legal impediments, residential mortgage-backed securities (RMBS) have recently overtaken ABS on car loans, lease receivables, and credit cards as the top securitization sector in terms of gross market value. The development of RMBS was initially complicated by the Public Finance Management Act (PFMA), 1999 (Act No. 1 of 1999) (as amended by Act No. 29 of 1999), which presented some new twists to the standard way of conducting RMBS transactions. RMBS were first issued by non-bank financial service companies, such as specialized mortgage lenders and consumer finance companies, before banks have begun to resort to mortgage securitization to manage assetliability mismatches and diversify their investor base. After the first RMBS issuance in the 1980s by the former United Building Society, the securitization market began in earnest in November 2001, when SA Home Loans, a full-service mortgage operator jointly funded by JP Morgan and Standard Bank, emulated the successful business model of non-bank mortgage lenders in Australia by raising finance through RMBS. It took four years for another non-bank mortgage originator, Sanlam Home Loans, to copy SA Home Loans' approach of using a conduit to warehouse loans and commoditize repayment proceeds by means of term securitization once volumes built up. Before SA Home Loans and Sanlam Home Loans carved out niches for themselves, large commercial banks dominated the mortgage market in the wake of consolidation of South Africa's building societies. Banks are latecomers to mortgage securitization. Now, that banks are competing aggressively on price, non-bank lenders have adopted a new strategy of focusing on service and product innovation by offering fixed rate and interest free mortgages.
Despite the healthy growth of securitization in South Africa over the last five years, higher originator and asset class concentration cloud the overall positive outlook amid weakening primary market activity and low investor confidence after the U.S. sub-prime mortgage crisis. Since only a handful of large banks and specialized lenders are behind the bulk of securitization transactions issued so far, origination and servicer risk from narrow asset supply poses challenges to investor diversification, which are exacerbated by poor asset diversity given the narrow range of deal types in the existing market.
Monetary transmission in the presence of securitization (OLS estimation)
We first specify interest rate elasticity of output similar to the U.S. example of the IS equation as based on the general specification of equation (1), with a simple lag structure (without gaps) at a maximal order of p=2 in order to sufficiently accommodate delayed demand effects in capacity utilization to interest rate changes. We interact the securitization ratio t S with time trend t as one modification of equations (5) and (6) above. However, unlike in the U.S. case, we do not control for the influence of financial system maturity (in the form of the financing ratio t F ) due to limited data availability. As an alternative model specification, we replace the securitization ratio t S above with dummy variable ′ t S , which registers the existence of securitized issuance at time t, so that (14)
Balance sheet effects in the presence of securitization (VECM)
As an alternative model of measuring interest elasticity (and the transmission of monetary policy) in the presence of securitization activity, we adopt a restricted VAR framework in the form of a three-dimensional vector error correction mechanism (VECM) (similar to equation (9)). In general, a VECM specification defines the long-term joint time series dynamics of endogenous variables within a linear system of simultaneous equations while controlling for intertemporal adjustments. In the VECM model, the long-run behavior of variables that share at least one cointegration vector is restricted to converge to their cointegrating relation while allowing a wide range of short-term random disturbances (Johansen, 1990; Johansen, and Juselius, 1991) . 29 Based on the degree of cointegration, deviations from the long-run equilibrium of level changes are offset through a series of partial short-run adjustments over the sample period. These intertemporal corrections indicate the short-term lead-lag relation of the endogenous variables.
Our application of a VECM specification is motivated by Bernanke and Blinder (1992), who examine how interest rate shocks to the bank balance sheet affect the real economy. The model estimates show the direction of causality (and its significance) between output growth and concurrent changes in the composition of the aggregate bank balance sheet over the short run and the nature of their intertemporal (long-term) relation in response to unanticipated interest rate shocks (see Appendix). Given the dominant role of banks in the financial system of many EM countries, the responsiveness of bank balance sheets to monetary policy offers an interesting area of investigating the macro-financial implications of securitization. 30 Any effect of securitization on the sensitivity of deposit generation, loan origination, and investment activities of banks holds important insights into the accessibility of finance in EM countries in the presence of off-balance sheet activity.
Findings
Similar to the United States, we find that the growing use of mortgage securitization in South Africa has, to some extent, eroded the general sensitivity of real output to monetary policy. However, these results are to be treated with caution, given the short history of mortgage securitization in South Africa (unlike in the United States). That said, we also control for the existence of securitized issuance in each quarter of the sample period (in addition to the relative share of securitized mortgages). Our OLS estimation results show that introducing a dummy variable for securitization reverses the traditionally negative relation between output gap and real interest rates (see Table 5 ). The interaction term of the securitization dummy and the real interest rate indicates significant positive interest elasticity. Controlling for the securitization ratio truncates the sample time period to only the most recent observations of consistent growth of securitized issuance. Despite the apparent estimation uncertainty from this dramatic loss of degrees of freedom, the interest relate elasticity of output remains significantly positive. 31 29 Although the cointegration restriction of VECM does not require level stationarity of the constituent time series (unlike VAR), it implies difference stationarity of each time series regardless of the individual degree of integration. 30 While securitization tends to be associated with deeper local capital markets, the potential of securitization to influence credit supply via the bank balance sheet might, however, be offset by a contemporaneous decline of the role of banks in providing access to credit as markets mature. 31 Interacting changes of the securitization ratio and real interest rates indicates negative interest rate elasticity of output, which is explained by intermittent slowdowns of securitized issuance amid declining real interest rates explain this finding.
The lower interest elasticity of output is in line with our benchmark findings that the impact of securitization on the efficacy of monetary policy is not directly affected by financial sector development. We find that the decline in the efficacy of monetary policy in South Africa concurs with our evidence from the United States when we do not control for the financing ratio. Interest elasticity of output seems more likely to be affected by securitization than any form of external finance. Thus, securitization in EM with bank-based financial systems offers an important step towards greater capital market maturity while preserving stable credit supply (and diversified funding) at the expense of lower interest rate elasticity.
Our results indicate that securitization in South Africa might have contributed to lower efficacy of monetary policy on bank lending over the long run. Given the dominant role of banks in the financial system, the influence of securitization on the transmission of monetary policy is likely to show in the credit channel. We find that the relation between output growth and monetary policy tends to become positive and stronger when banks securitize mortgage loans. In fact, the cointegrating vector of loan origination and real interest rates in our VECM specification suggests that the balance sheet effect of securitization allows banks to adjust prices rather quantities, which prevents the contraction of long-term credit supply during times of higher interest rates (see Table 6 and Figure 7) . As opposed to Kashyap and Stein (1994) our findings suggest that financial innovation (and possibly financial deregulation) does not necessarily diminish the importance of the bank lending channel in EM countries, where banks dominate the financial sector. The impact of securitization is also more likely to most pronounced in financial systems with a predominance of fixed-rate mortgages.
Securitization appears to also cushion the immediate impact of positive (short-term) interest rate shocks to bank lending, indicating a possibly delayed transmission of monetary policy to market rates (unlike in the United States). Our estimation results for error correction in the VECM framework of balance sheet transmission in South Africa reveal that securitization alters the short-term dynamics between bank lending and changes in real interest rates (as indicated by higher and less significant adjustment coefficients λ of error correction). In the presence of securitization, the impact of interest rate shocks on bank lending is positive but relatively less severe and persistent (see Table 6 ), possibly as a result of a less efficient interest rate transmission. At the same time, positive interest rate elasticity of real output highlights that banks have fully absorbed interest rate shocks thanks to lower susceptibility to changes in monetary policy.
Furthermore, securitization seems to help banks absorb more readily unexpected positive interest rate shocks to deposits and securities investment. Banks are capable of raising more deposits and are more likely to invest in securities over the short run when interest rates increase (see . Without securitization, an unexpected positive shock to interest rates reduces securities investment but increases deposit taking in South Africa. However, since 2002, deposit growth and securities investment seems relatively less affected by interest rate shocks in the presence of securitization. Nonetheless, their short-term sensitivity to interest rate changes is now less consistent over time. In particular, the positive sensitivity of the former increases in economic and statistical significance.
We acknowledge that our estimation results warrant careful interpretation. The outsized effect of securitization on bank lending might be influenced by explosive credit growth in South Africa since the late 1990s. Moreover, the low statistical power and small sample of observations for time periods of securitization activity imply substantial parameter uncertainty. Controlling for securitization limits the sample size to only 17 observations of each endogenous variable, which leaves only six (seven) degrees of freedom depending on whether VECM is defined with or without the securitization dummy.
III. CONCLUSION
Our study of indicates that the transmission of monetary policy and its impact on the real economy may have become more complex, owing partly to financial innovation, such as securitization. We find evidence in both a mature market (United States) and an emerging market (South Africa) economy that a rise in securitized issuance has lowered the degree of sensitivity of output to changes in interest rates while facilitating efficient interest rate pass-through. This changing nature of macro-financial linkage, attributed to the process of securitization, is driven by the ability of banks to leverage their asset origination by securitizing loans (an off-balance sheet operation) giving them access to additional funding sources. Securitized issuance allows banks expand credit supply by adjusting quantities rather than prices while leaving general interest rate pass-through largely intact. In this light, overall monetary transmission-including through channels other than interest rates, such as the credit channel via securitization markets-may be less constrained.
32 A lower incidence of credit rationing implies a higher change of the banking sector meeting money demand during monetary contraction.
A key contribution of our study is to isolate the impact of financial deepening from securitization. Our study shows evidence that financial sector deepening has resulted in a greater availability of reference assets and investment instruments that benefit securitized issuance. However, the impact of interest rate changes on output has not been significantly altered by financial market deepening itself (proxied by direct to indirect financing) but rather 32 In other words, banks increase lending by increasing overall loan volume rather than lowering interest rates. The disintermediation process, whereby loans shift from heavily capitalized banks to lightly capitalized market funded "near-banks" adds to the capital needs of the system and may attenuate the procyclicality of credit contraction, when there is a higher change of credit rationing via prices (rather than quantities) in the presence of securitization.
by the fact that greater financial deepening has increased securitization. Thus, the nature of securitized issuance, and its effect on bank balance sheets (and/or the nature of financial intermediation), seems to be critical to the efficacy of monetary policy. That said, in EM countries, such as South Africa, where banks still play the dominant role in the financial sector, a rapid increase of securitization activity might suffice to weaken the response of output to changes in monetary policy in the absence of a broad and liquid local capital market if most securitization activity is sponsored by banks.
We also find that the response of market rates to a change in policy rates is more pronounced in the presence of securitization, especially in the case of matured markets like the United States. 33 This transmission mechanism, however, is more muted in EM countries with bank-dominated financial systems, due to greater importance of the credit channel. Over the last 15 years, a significant increase of securitized issuance in the United States has enhanced the sensitivity of mortgage rates to changes in the policy rate despite declining interest rate elasticity of real output. In contrast, the South African case provides some evidence that in EM countries where secondary mortgage markets lack sufficient liquidity, the interest rate pass-thorough is mostly determined by the credit channel.
From a broader perspective, our study attempts to provide a better understanding of the changing nature of the macro-financial linkages in a well-functioning financial system that can help inform policy-making in EM economies. To this end, there are two key implications. First, we believe that securitization might help banks in EM countries better absorb unexpected positive interest rate shocks to their balance sheet amid greater availability of alternative funding sources. In the presence of securitization, banks seem more capable of funding their lending and are more likely to invest in securities after interest rate increases. In South Africa, banks' tolerance to interest rate shocks explain the persistent credit growth in spite of the positive interest rate elasticity of real output over the recent past.
34 Second, the findings indicate that there may well be a need for monetary policy to take into account the changing macro-financial linkages of the transmission mechanism due to financial innovation such as securitization. To this end, policymakers may need to undertake a larger monetary policy move to achieve its same intended objective in terms of output as financial innovation continues to thrive in deeper financial markets.
35
There are, however, some caveats to our empirical findings which merit further research. First, monetary policy-making in and of itself has undergone significant transformation during the time period of our study. Thus, enhanced transparency of monetary policy regimes could have altered the reaction function of output, which might have some bearing on our results. Second, the secular decline in interest rate volatility during the latter part of our sample could have muted the interest rate sensitivity of output and the bank balance sheet -though this effect seems marginal compared to the decline of the normalized impulse-response to interest rate shocks. Third, the rapid growth of the private label mortgage securitization in the United States, partly based on sub-prime loans, are outside the scope of our analysis. Fourth, the case for EM securitization, including our findings for South Africa, is still subject to significant data constraints. While our study has addressed some of these issues, further research could add to this evolving literature on the interaction between monetary policy and financial innovation. (see equation (1) (White, 1980) . The shaded areas highlight the coefficient values of the first-and second order interest elasticity of the output gap (with and without controlling for degree of securitization activity and/or financial sector depth). *, **, and *** indicate the 10 percent, 5 percent, 1 percent level of statistical significance (two-tailed). Note that our specification of endogenous variables at first differences affects a positive interest rate elasticity of output gap. The progressive shading of the output gap equation indicates the critical values for each combination of the securitization and financing ratios. (White, 1980) . The dark shaded areas highlight the short-term error correction (λ) to establish convergence towards a long-term relation (β) of loan origination and the real interest rate respectively, while the light shaded areas show the short-term dynamics of changes in the real interest rate vis-à-vis changes in loan origination by banks. *, **, and *** indicate the 10 percent, 5 percent, 1 percent level of statistical significance (twotailed). (White, 1980) . The dark shaded areas highlight the short-term error correction (λ) to establish convergence towards a long-term relation (β) of securities investment and the real interest rate respectively, while the light shaded areas show the short-term dynamics of changes in the real interest rate vis-à-vis changes in securities investment by banks. *, **, and *** indicate the 10 percent, 5 percent, 1 percent level of statistical significance (two-tailed). (White, 1980) . The dark shaded areas highlight the short-term error correction (λ) to establish convergence towards a long-term relation (β) of deposit growth and the real interest rate, while the light shaded areas show the short-term dynamics of changes in the real interest rate vis-à-vis changes in bank deposit growth. *, **, and *** indicate the 10 percent, 5 percent, 1 percent level of statistical significance (two-tailed). Tables 6-8 , with long-term relation (β) of the real interest rate and the chosen balance sheet variable (loans, deposits or investment), the short-term error correction between the real interest rate (λ 2 ) and the chosen balance sheet variable (loans, deposits or investment) (λ 3 ), as well as the marginal effect of changes in the real interest rate (Φ 2,1 and Φ 2,2 ) at one and two changes of the chosen balance sheet variable (loans, deposits or investment). *, **, and *** indicate the 10 percent, 5 percent, 1 percent level of statistical significance (two-tailed). 
VECM Equation with
Specification of VECM(3,2) for testing the balance sheet effect in South Africa
In order to measure the degree of interest rate elasticity in the presence of securitization activity for the South African case, we consider the three-dimensional VECM(3,2) specifications 
